Abstract: Due to the importance of distribution of the Daily Vehicle Kilometers Travelled (DVKT) to design the power-train of the Battery Electric Vehicle (BEV) and Plug-in Hybrid Electric Vehicle (PHEV), as well as to predict the vehicle fuel and electricity demands with larger BEV and HEV deployment, one comprehensive survey was carried out in Beijing in the year of 2009, and more than 500 questionnaires including DVKT and some related factors were collected. The analysis results shown that the average DVKT of the private passenger car in Beijing was 46.35 km, and 68.2% of travels was within 50 km while only 9.1% longer than 100 km. The detailed analysis implied that the travel purpose, vehicle fuel efficiency were the most impact factors of DVKT. 
INTRODUCTION
The distribution of the daily vehicle kilometres travelled (DVKT) is one of the important input factors in the powertrain design of the battery electric vehicle (BEV) and plug-in hybrid electric vehicle (PHEV). It's reported that GM company designed the all-electric range (AER) of its VOLT based on the US DVKT survey (Nathaniel S. P et al,. 2010) . Scott et al (2009) studied the power management strategies in PHEV with the drive cycle derived from 2001 National Household Transportation Survey (NHTS) conducted by the Department of Transportation Federal Highway Administration. They evaluated two power management strategies with different DVKT and concluded that the long DVKT would make blending strategy bring more improvements than the "charge depleting, charge sustenance" (CDCS). Tony Markel (2006) compared the costs and benefits of PHEV relative to hybrid electric and conventional vehicles. The DVKT distribution was involved with the detailed simulation model parameter in Tony's research. He used the US vehicle daily mileage distribution based on the data collected in 1995 National Personal Transportation Survey (NPTS), which shown that 50% of the daily mileage is less than 30 miles (48 km). The cumulative distribution probability was defined as the utility factor in his study. The DVKT is also used in the design of plug-in hybrid electric 2-wheeler. A study of the impact of DVKT on PHEV battery sizing is carried out in India (Shaik A. et al., 2010) . In the study, they found that the DVKT varies from city to city, and so do the battery capacity requirements. Anant et al (2009) evaluated PHEV with different AERs in charge depleting strategy and 100% charge depleting strategy. The research was based on the NHTS data, which described the vehicle mileage travelled in the U.S.
On the other hand, the DVKT will impact the vehicle energy demands and mix (gasoline and electricity) while the BEV and PHEV replacing large amount of traditional internal combustion engine (ICE) or hybrid electric vehicles in the future, and also the greenhouse gases from the LCA viewpoint (Hyung C.K et al., 2004 . To estimate the impact of EV on CO2 reduction, William J. S (2010) adopt the DVKT data from UK, Ireland and US and concluded that although two-thirds of all car trips covered a distance of 15 km or less, these trips accounted for less than one-third of DVKT of the private passenger cars. Han established a bottom-up model which focused on the simulation of energy consumptions and greenhouse gas emissions growth by China's passenger vehicle fleet. According to his study, the total passenger vehicle distance traveled was a significant sub-block of the model. Andreas Schafer (1998) predicted the global longterm trends in the transportation CO2 emissions. The research was based on a data set of global and regional passenger traffic volumes between 1960 and 1990 for cars, buses railways and aircraft. The vehicle distance travelled was studied in the research. An exponential relation is adopted to describe the relationship between motorization rate and the annual distance traveled per car. The VISION Model (M. Singh et al., 2003) , developed by U.S. Argonne National Laboratory, is used to estimate the impact of vehicle technologies and fuels on energy use and carbon emissions to 2050. The model estimates annual vehicle mileage traveled through 2020(e.g., 14515 mile/year for cars and 13230 mile/year for light trucks in 2020). For the years from 2020 to 2050, VISION assumes a gradual decline in total vehicle mileage traveled growth. Amag (2012) conducted the research to estimate the potential reductions in petroleum use and greenhouse gas emissions due to PHEV miles traveled mainly on grid electricity.
The study of DVKT distribution is implemented worldwide. Some of the countries achieved a lot both in the data and the methodology. The NHTS report of the U.S is one of the best studies. It includes purpose of the trip, trip lengths, trip time, driver characteristics and so on. The NHTS/NPTS serves as the nation's inventory of daily travel based on the collected data on daily trips taken in a 24-hour period since 1969. Yan tracked the NHTS data to examine the unused vehicles, supporting of market assessments for PHEV.
However, the study in China has just started. Although Hong Huo(2011) collected VKT survey data in China during 2004 and 2010, but the interest of the study is general annual VKT (AVKT), not the daily VKT, and it is enough to forecast the energy demands but could not be used to predict the electricity demand from the PHEV. Daniel (2005) had ever studied the Chinese rural vehicles usage behavior and found that the rural vehicles' range changed from 2 km to 200 km.
The researches referred above suggest that the DVKT distribution vary from country to country, even from city to city. And the China's vehicle population keeps increasing at an extreme high rate (Yunshi Wang. et al., 2011) . Thus, a detailed study of DVKT distribution of cities in China should be conducted.
In this paper, we choose Beijing as the sample city to conduct the survey aimed to research the DVKT distribution of the passenger cars and find out the main impact factors.
MATERIAL AND METHODS
The DVKT distribution of the private passenger cars and its related factors in Beijing are within our concerns. The assumption, that the DVKT of each private passenger car in Beijing is a random variable, is made for the study. The DVKT data of all private passenger cars in Beijing is considered as the population. We'd like to describe the population distribution with the parameters derived from the sample data.
There are two methods to collect the DVKT data, one is by onboard hardware recording equipment or instrument, the other one by a survey. Even though hardware recording brings more exact data than survey (Nathaniel S. P et al,. 2010), the latter method is widely used in the field due to its convenience. The U.S NHTS reports are the later method based on telephone interviews. Besides, during a survey, the data can be collected with other subjective factors, such as the traveling purpose, fuel price, et al. The relationship of the data and the factors will lead to interesting findings, such as, whether a man travels more than a woman, and whether a vehicle travels less with high fuel economy or not. These questions can't be answered by hardware recording data.
The questionnaire with the name of DVKT Survey of Private Passenger Cars in Beijing is carefully designed (Table 1) . There are one screening part and 3 contents' parts in the questionnaire as the appendix shown. The screening part guarantees qualification of the respondent. The research is aiming at the private passenger cars in Beijing, so the following 3 questions are designed to screen the respondents. The first qualification is the year of staying in Beijing. The persons who stay in Beijing for less than half a year will be out of the research. The second qualification is that whether the respondent owns a private passenger car. If no, he will not be able to complete the survey. The third qualification avoids the repeatability of the same respondent. The person who received the similar survey during the past 1 month will not be considered in the research. After the screening, respondents satisfying the requirements will continue to answer the rest questions.
The first content part is about the transportation, including the travel purpose (TP), transportation type selected (TTS) respectively for urban and inter-city travels. The travel purposes of commute, fun, social, shopping and others are provided to select. the choices items include subway, city-bus, taxi, car and bicycles for urban travels, and train, bus, taxi, car and others for medium range (such as from Beijing to Tianjin) inter-city travels.
The second content part is about the characteristics of the vehicle. The auto brand, model, purchase data, fuel efficiency (FE, average fuel economy per 100km) are included in this part. According to the auto brand and model, the vehicle size (VS) are segmented into three kinds: micro, compact and full-size. The most important information, the DVKT data, is included in this part. The respondents are required to fill the blank with numbers from their empirical data or the car meters.
The third content part is about the respondent. 
CALCULATION AND RESULTS

DVKT Distribution
The descriptive statistics are accomplished by the software of Minitab ®. The DVKT of the sample ranges from 3 km to 300 km. Thus, the distribution of the random variable of DVKT is within our concern. From the results, it was found that the data was concentrated in the low DVKT which indicated that one quarter of driver's DVKT less than 20km, half and three quarter of that less than 30km and 50km respectively, only one quarter drivers drove their car more than 50km per day. Figure 1 was the cumulative percent vs. increase of DVKT. The figure showed that 80.53% of the car traveled less than 65km daily, and the DVKT above 100km was only account of the 3.75%. The mean of the sample covers 56.88% of the DVKT. 
Related Factor
The vehicle factors imply the features of the private passenger vehicles (Fig.2) . The fuel economy of the vehicles seems to fit a normal distribution. The travel factors showed the travel purposes and the transportation choices for urban travels (Fig.2) . From the histograms above, it's easy to have two observations: 1) most of the respondents use the vehicle for commuting in their daily life, 2) most of the vehicle owners will travel in car for the urban travels.
The respondent factors showed the constituent of the passenger vehicles owners in Beijing (Fig.2) . There are about male owners twenty percent more than female owners. The number of drivers has increased greatly in the recent 6 years. A vehicle owner in Beijing is the most likely to be an administrator or employee in a company, or an engineer. Most of the vehicle owners have a bachelor's degree. But the family income varies a lot from one to another.
The relevance of the factors to the DVKT draws our interests. We intend to distinguish the related factors from the nonrelated factors. A related factor is defined as the factor whose value can vary the mean of the DVKT distribution. Because there are two types of factors in the study, the analysis of variance (ANOVA) method and regression method are applied respectively for the discrete factor and continuous factor. Due to the requirement of the data normality, all the DVKT sample data X will be applied in ANOVA in the form of Y, where Y=lnX. The original sample data X will be directly used in the regression. The null hypothesis is that, the means of different factor values are equivalent. The alternative hypothesis is that, at least, one of the means of the different factor values is different from the others. For regression, the factor is a continuous variable. The null hypothesis is that, the DVKT and the factor have a linear relationship. The alternative hypothesis is that, the DVKT and factor have no correlation. The P-value suggests the result of the factor examination from a statistical perspective. The P-value less than alpha (alpha equals to 0.05 in a common situation) means to reject the null hypothesis. Accepting the null hypothesis means that, at least one of the means of the factor values differs from the others. Thus, we drew a conclusion that the factors with a Pvalue less than alpha are the related factors to the DVKT distribution. All the factors and the P-values of the hypothesis testing are listed in the following table. 
Current PHEV/EV Products Adaptability
Based on the DVKT distribution of private passenger cars in Beijing, the product adaptability in Beijing is studied by adding the electric range of the AERs of the current PHEVs/BEVs to the cumulative distribution function plot.
The AER values of the PHEVs/BEVs are collected either from the official website or the U.S EPA. The five samples are Prius Plug-in, VOLT, S6DM, Smart ED and Leaf. The first three belongs to the PHEV type, the rest two are BEVs. However, VOLT and S6DM are described as range extended EVs (REEV) because of the larger AER than conventional HEV. The AER of REEVs is around 60 km, while the AER of BEVs is greater than 100 km.
The estimated cumulative distribution function is plotted in the continuous black curve, while the cumulative percentage of the sample is plotted in the dashed fold line (Fig.6) . The dashed line denotes the sample, and the continuous line denotes the estimated population. The estimation population CDF shows that, the DVKT value of 100 km will cover more than 91 percent of the DVKTs, while of 50 km will cover 68.2 percent. 50 percent of car owners will travel no more than 34.3 km in daily use. In other words, if we treat every respondent as equivalent, a respondent will travel no more than 34.3km with the probability of 50%.
The AERs of the five samples are labeled in the CDF plot with the percentile lines (Fig.3) . The Prius Plug-in with the shortest AER can only satisfy 32.8% of the travels without turning on the engine. The REEVs including S6DM and VOLT will cover more than 70% of the daily travels. Compared with the commuting data provided by NHTS that 78% of the American commuting is within 40 miles, the situation in Beijing is coincidently the same. For the BEVs, the AER is long enough to satisfy the daily travel demands of more than 95% private car owners. They can choose a smart ED or a Leaf to replace the CV in their daily commuting. 
Factor Effect
The ANOVA and regression result shows that, with the alpha=0.05, travel purpose (TP) and the fuel economy (FE) are the most related factors to DVKT. We declare with 95% confidence level that, the mean of DVKT will differ due to different values of TP and FE. The fitted probability density function and cumulative distribution function of different travel purpose are plotted (Fig.4) to have a clear comparison. The 5 pre-set travel purposes are: TP1, commute (including work, school, and driving someone to school or work); TP2, for fun and leisure; TP3, see a relative or friend; TP4, shopping; and TP5, the others.
There are three trends in the plot: For the travel purpose 4 (shopping), the mean of DVKT is the smallest, and the distribution is the most concentrated. The drivers whose travel purpose is for shopping have an average daily trip length of 19.6 km. For the travel purpose 1, 2 and 5, they have similar DVKT distribution pattern, with the largest mean and deviation. The average DVKT for TP 1, 2 and 5 is around 48 km. For the travel purpose 3 (seeing a relative or friend), the distribution pattern is in-between, with the average DVKT of 29.4 km. The fuel economy is measured by litres/100km. It's a sensitive and popular index in China. So, we have put the value into our survey. As shown in Figure 5 , the lowest fuel consumption was 4L/100km (QQ with 0.8 litre displacement) and the highest was 19L/100km (Jetta bought in 2003). The average fuel consumption by the vehicle number was 9.9L/100km. The main parts included the cars with the fuel efficiency of 8L/100km to 12L/100km with the percentage of 69% in sub-total, implying the features of the private passenger vehicles (Fig.3) . The vehicle fuel efficiency seems to fit a normal distribution. The annual vehicle kilometres travelled has the similar distribution as the DVKT.
Based on the P-value, we conclude that, we don't have enough evidence to reject that FE is independent from DVKT. But after the scatter plot is drawn, no obvious linear pattern shows up. And the R-sq of the regression line is only 1.7%. So, we don't believe the linear model can describe the relation well. Nevertheless, a slight decrease trend can also be observed by the scatterplot (Fig.5) . This means, higher fuel economy will lead to smaller DVKT, but a linear model doesn't fit the relationship.
We analysed the data with alpha equals to 0.05. Besides the factors analysed above, there are 2 factors with P-values less than 0.15. But the larger P-value means the confident level to reject the null hypothesis decreases from 95% to the level around 85%. The 2 factors are considered as less possible related factors, which are the vehicle size, and the family income.
For the factor of vehicle size (Fig.6) : the difference among the vehicle sizes is not clear. But the means of different classes show a slight decrease trend from compact vehicle to mid-large vehicle. The trends fit the conclusion of the relationship between fuel economy and DVKT. Because a larger car usually causes higher fuel economy, and higher fuel economy causes a shorter DVKT, mid-large vehicle owners tend to have shorter DVKT than the owners of compact vehicle.
For the factor of family income (Fig.6) : we partitioned the family income into 5 categories. The highest average DVKT value is 53.6km, and it belongs to the partition of the FI between 5001~8000. The lowest average DVKT value is 40.1 km, and it belongs to the partition of the FI between 8001~10000. There are also some differences between the distributions of different categories. The 1st, 3rd and 4th categories' DVKT distribution is concentrated in the lower half of DVKT. And the 2nd and 5th categories' DVKT distribution is concentrated in the higher half of DVKT. 1)The mean of DVKT in Beijing is 46.35 km, 68.2% of passenger vehicles travel less than 50 km a day, 2)Less than 9% passenger vehicles travel more than 100 km per day.
3)The most possible impact factors related to the DVKT are travel purpose and fuel economy. The family income and the vehicle size seems slightly impact the DVKT.
